It was previously reported by the authors (1) that, in a normal rat with daily administration of 100 mg/kg borneol and intraperitoneal injection of 400 mg/kg glucuro nolactone for the period of 13 days, the amounts of total glucuronic acid, of o-glucuronide and of 1-ascorbic acid excreted in rat's urine, increased significantly, and that, in a bilate rally adrenalectomized rat administrated daily with the above noted drugs for the same period, these amount did not increase so much as in normal animal.
tion in a living body.
It was already been investigated that a lot of hormone are excreted from adrenal medulla and adrenal cortex. There are adrenaline and noradrenaline as a main hormone excreted from adrenal medulla; and there are glucocorticoid including corticosterone, 17 hyd roxycorticosterone, 11-dehydrocorticosterone and 17-hydroxy-11-dehydrocorticosterone and mineral corticoid including 11-desoxycorticosterone, 17-hydroxy-l 1-desoxycorticosterone and aldosterone, as a main hormone of adrenal cortex. That these hormones have respectively different effects on glucuronide formation is suggested from their own different actions.
In the present investigations, the authors tried to ascertain the effect of adreno hypophyseal hormones on glucuronic acid metabolism.
Adrenaline, 17-hydroxy-11-desoxycorticosterone (cortisone), 11-desoxycorticosterone (DOC) and adrenocorticotrophic hormone (ACTH) which has direct influences on adrenal hormone were chosen and the changes in the amounts of total glucuronic acid , o glucuronide and ascorbic acid in urine were examined after the administration of above drugs to a normal and a bilaterally adrenalectomized rat. Male  Wistar  rats aged  about  3 months,  weighed  about  150g  were  separately  raised in a cage with stainless steel wire bottom. They were fed on the diet consisting of wheat flour (85%), casein (10%) and salts mixture (5%). Food and water were administered ad libitum. Excreted urine was collected in a bottle by mixing 5 ml of 10 per cent oxalic acid solution and 5 ml of toluene, and the total amount was measured every 24 hours. Glucuronic acid content was measured by Fishman and Green's method (2) and ascorbic acid content by Roe's method (3) .
EXPERIMENTAL METHODS
Both normal rats and bilaterally adrenalectomized rats were injected subcutaneously with 1 unit/kg ACTH, 50 mg/kg cortisone or 5 mg/kg DOC and administered orally 100 mg/kg borneol dissolved in olive oil everyday for the period of 13 days.
Bilateral adrenalectomy was performed in one stage. Bilaterally adrenalectomized rats were given the physiological saline instead of plain water in order to prevent the electrolyte unbalance due to the adrenalectomy. 
RESULTS
1. Effect of ACTH on glucuronic acid content and ascorbic acid content excreted in rat's urine
In both normal and bilaterally adrenalectomized rats with 1 unit/kg ACTH and 100 mg/kg borneol in both, there were no changes in each urinary excretion content at earlier stage; at later stage, however, in bilaterally adrenalectomized rats with the both drugs, there was a slight increase of glucuronic acid content (Fig. 1 ).
2. Effect of adrenaline on glucuronic acid content and ascorbic acid content excreted in rat's urine
In normal rats injected with 0.5 mg/kg adrenaline, a very slight increase of glucuronic acid content was found at earlier stage, but in bilaterally adrenalectomized rats, there appeared no changes of each content (Fig. 2) .
In both normal rats and bilaterally adrenalectomized rats with 0.5 mg/kg adrenaline and 100 mg/kg borneol in both, there were no changes of each content (Fig. 2 ).
Fin. 2. Comparison of effect of adrenaline on total glucuronic acid, o-glucuronide and ascorbic acid content excreted in normal or bilaterally adrenalectomized rat's urine. Adrenaline (0.5 mg/kg) was subcutaneously injected every day for 13 days. Each curve is the average of values obtained from six rats.
o : Administration of adrenaline to normal rat. *:Administration of both adrenaline and borneol to normal rat. o : Administration of adrenaline to bilaterally adrenalectomized rat. .: Administration of both adrenaline and borneol to bilaterally adrenalectomized rat. 3. Effect of cortisone on glucuronic acid content and ascorbic acid content excreted in rat's urine
In both normal and bilaterally adrenalectomized rats with 50 mg/kg cortisone , there were no changes in glucuronic acid content and ascorbic acid content (Fig . 3-A, -B) .
In normal rats with both 50 mg/kg cortisone and 100 mg/kg borneol , however, there was a marked increase of about 5 times as much as the volume of normal glucuronic acid content, and of ascorbic acid content . But almost no changes of each content in bilaterally adrenalectomized rats with the above two drugs were observed (Fig . 3-A, -B ).
4. Effect of DOC on glucuronic acid content and ascorbic acid content excreted in rats's urine
In both normal rats and bilaterally adrenalectomized rats with 5 mg/kg DOC , there was no change of glucuronic acid content , but a slight increase of ascorbic acid content (Fig. 4) . In normal rats with both 5 mg/kg DOC and 100 mg/kg borneol , no changes of each content appeared, while, in bilaterally adrenalectomized rats with the both drugs , there was a marked increase of glucuronic acid content (Fig . 4) In our experiment with normal rats, it seems that the increase of glucuronic acid content in urine due to cortisone depends upon a marked increase of glucose-l-phosphate, derived from glucose or glycogen, as shown in the above-described pathway of glucuronide formation.
FiG. 4.
Comparison of effect of DOC on total glucuronic acid, o-glucuronide and ascorbic acid content excreted in normal or bilaterally adrenalectomized rat's urine. DOC (5 mg/kg) was subcutaneously injected every day for 13 days. Each curve is the average of the values obtained from six rats.
o : Administration of DOC to normal rat. .: Administration of both DOC and borneol to normal rat. Administration of DOC to bilaterally adrenalectomized rat. Administration of both DOC and borneol to bilaterally adrenalectomized rat.
The increase of glucuronic acid content due to DOC in the excreted urine of bilaterally adrenalectomized rats will enhance the enzyme activity of a certain kind which plays a role in the glucuronide formation, because DOC is shown to have no direct effect on the glucose and glycogen content during the glucuronide formation.
It has also been reported by Venning (14) that cortisone is the most effective in synthesizing hepatic glycogen in adrenalectomized rats. In our study, why cortisone does not increase glucuronic acid content excreted in urine of bilaterally adrenalectomized rats is the first question to be solved. The true mechanism of this phenomenon is not clear, although it seems that the increase of glucuronic acid content does not appear unless a large amount of glucose l-phosphate is formed.
As for ascorbic acid formation, Douglas (15), Burns (16) and Hollmann (17) have con firmed that ascorbic acid is formed through the metabolic pathway from glucose or glu curono lactone to gulonolactone.
In the present study, it is resulted that the ascorbic acid content excreted in rat's urine was increased markedly in normal rats under cortisone treatment, but increased slightly in normal rats under DOC treatment. Therefore, it is assumed that the increase of ascorbic acid content may be caused by the increase of glucose in the case of cortisone administration and it depends on the activation of enzyme system through the pathway of ascorbic acid formation in the case of DOC administration.
Through our study on the effect of adrenohypophyseal hormones on the glucuronic acid and ascorbic acid formation has given no clear-cut solution for this problem, it may be true that each hormone has different effects upon glucuronic acid and ascorbic acid formation respectively. 
